Objective: Hepatocellular carcinoma is often diagnosed in elderly people. Methods: One hundred and seventy-five patients older than 70 years were operated on for hepatocellular carcinoma (Group 1). The results were compared with 276 resected patients younger than 70 (Group 2) and to 108 aged patients with chronic liver disease without hepatocellular carcinoma (Group 3). Results: Hepatocellular carcinoma in the elderly is more frequently associated with hepatitis C virus, less frequently capsulated and less frequently diagnosed by screening programs than in young patients. After resection, no difference was noted in post-operative complications and in mortality rates (3.2%); major hepatic resection in cirrhosis carried a high risk of death (22%). Five years survival was 42%, comparable with the young surgical patients but significantly lower than the medical patients in Group 3. Recurrence of hepatocellular carcinoma was the main reason of death, but it was suitable for a radical treatment in 37.6% of cases, including surgery, with a mean survival of 31 months. Conclusions: Liver resection is a valid option for the treatment of hepatocellular carcinoma in the elderly; major resections in cirrhotic old patients must be reserved for selected cases. Recurrence may be suitable of a radical approach, including surgery.
INTRODUCTION
Hepatocellular carcinoma (HCC) is a leading cancer in the adult population. Nowadays, the majority of the patients are diagnosed at an old age (1) , but at the same time the elderly represent a minority of the patients submitted to curative procedures, above all liver resection (2 -9) . This discrepancy suggests a limited use of surgery also for curable elderly patients (8) , generally considered unfit for a major surgical procedure either for a high mortality rate, especially in the presence of liver cirrhosis (LC), or because only a slight improvement in long-term prognosis is suggested.
In our centre, a consistent number of aged patients were submitted to liver resection for HCC. The present study, the largest published about this topic, was designed to better define this population, both in terms of tumour characteristics and early and long-term results of surgery, comparing the data with the young HCC patients and also with the elderly people affected by chronic liver disease (CLD) without HCC. years old, 276 patients). The elderly represented 4.9% of the surgical population in the period 1992 -97, 25.7% in the period 1998 -2002 and 63.4% in the last 7 years.
Risk factors for post-operative complications, such as ischaemic heart disease, chronic obstructive airway disease, renal failure, diabetes mellitus were recorded; a stratification of risk according to the American Society of Anaesthesiology (ASA) was performed by the anaesthetist (10) . No specific geriatric evaluation was done (11) . The liver function was classed according to Child-Pugh score.
All the patients were managed by the same surgical team; in patients with CLD an 'economic radical resection' was pursued to obtain a free margin of 5 mm at least. Resection was considered radical if the margin was free at histology and ultrasonography (US) was negative 3 months after surgery.
The resected specimens were studied for tumour size, nodules number, macro-microvascular infiltration, the presence of a capsule, satellitosis and histologic grading. In a subgroup of 49 patients with single HCC , 5 cm, proliferative activity (MIB1,YLEM KCP505) and antioncogene p53 (DAKO D07M7001) were studied with monoclonal antibodies in a standardized fashion (two observers, acting separately in a double-blind fashion in optical microscopy at Â400 magnification by 10 fields, examining 2000 cells at least). MIB1 score was the average of the nuclear positivity, 5% being the lower reference value; for p53 only one reaction was enough for positivity.
Necessity and time spent in intensive care unit (ICU) and length of post-operative stay were noted. Post-operative liver failure (prothrombine time .50% and/or bilirubine .3 mg/ at day 5) (12), renal failure, biliary fistula (any volume of bile from the drainage), subphrenic abscess, post-operative haemorrhage were considered as major complications together with the cardio vascular accidents. Operative mortality included any death during hospitalization; the predictive factors were studied regarding the patient (sex, child class and ASA score), the liver (cirrhosis, transaminases value), the tumour [size, number of nodules, TNM staging and a-phetoprotein (AFP) value) and surgery (extension of resection, transfusion, Pringle manoeuvre, major complication and period of surgery).
Follow-up analyses were performed according to a fixed schedule (13) . Compliance to the controls, rate of early readmission, worsening of liver function and complications, including those related to portal hypertension, were noted together with the changes in daily activity.
Primary end points were the overall survival (OS) ('any cause of death was recorded'), the liver-related survival ('death related both to the cancer recurrence and liver failure were considered') and the cancer-related survival ('only lethal cancer recurrence was noted as event'). The diseasefree survival (DFS) was considered as time from surgery to the recurrence, classed as early or late according to a cut-off of 2 years (13) . The predictive value of 16 parameters were analysed: sex, Child classification, ASA score, cirrhosis, hepatitis C virus (HCV) and hepatitis B virus (HBV) infection, alpha-fetoprotein (AFP), size and number of tumour(s), capsule, vascular infiltration, grading, type of resection, width of free surgical margin, occurrence and therapy of liver recurrence.
A cohort of patients followed at the Clinic of Infectious Disease was also studied (Group 3). This group included patients consecutively admitted for continuous surveillance after the first discovery of CLD after 70 years. The inclusion criteria were the absence of HCC and a preserved liver function.
STATISTICAL ANALYSIS
Analyses of statistical differences were performed using the unpaired Student's t-test and the x 2 test with Fisher's exact test correlated by odds ratio (confidence interval: 95%). Analysis of survival was calculated by the Kaplan -Meier method and the differences between the groups were compared using the long-rank test. For categorical variables, the significant ones were chosen for linear logistic regression, whereas for time-related factors the significant ones were chosen for Cox's multivariate regression analysis. The analysis was performed by SPSS 14.0 for Windows. A P value , 0.05 was considered significant. A limited resection, i.e. ,1 Couinaud segment, was performed respectively in 62.9 and 69.6% of the patients, a major resection, i.e. .3 segments, in 91 patients (20.2%), equally distributed in the two groups (Table 2 ).
RESULTS

SURGICAL POPULATION
Pathological data were not different between the two groups, except for the presence of tumour capsule, less frequent in the elderly people; a positive margin was recorded in five cases. p53 was positive in ,25%; the proliferative index was similar in the two groups too (Table 3) .
MEDICAL POPULATION
We considered 108 patients (Group 3) with a mean age of 73.3 years at the recruitment; only two patients were .80
Jpn J Clin Oncol 2011;41 (12) 1359 years old. Twenty-nine patients were cirrhotic, 79 affected by chronic hepatitis; aetiology was HBV in 21 patients, HCV in 86 patients, HBV -HCV in 1 patient. The majority of patients (96.3%) were Child A, only four patients being classed as Child B.
EARLY POST-OPERATIVE DATA
No differences were noted in the post-operative course according to age. A prolonged stay (.3 days) in the ICU was necessary in ,3% in both groups. Major complications occurred in 16% of cases, prolonging hospital stay in the same way in the two groups; only two patients required surgery. Operative mortality was 3.9% (3.2% in Group 1 and 4.2% in Group 2). All the elderly died of liver failure while six young patients died of other causes (Table 4) . At the univariate analysis, five negative prognostic factors were 1360 HCC in the elderly identified in the elderly: female sex, AFP value, major resection, peri-operative haemotransfusion and high transaminases value (Table 5 ). All the patients who died were cirrhotic but this feature was not statistically significant (P ¼ 0.08). Major resection in cirrhotic-aged patients carried a high risk of death (22.2 vs. 1.4% for limited resection, P , 0.001). A cumulative effect of prognostic factors was noted; mortality rate increased from 0 (0 -1 factor) to 4.2% (2 -3 factors) up to 50% when 4 -5 factors were present (P , 0.01). At multivariate analysis, AFP, major resection and high transaminases proved to be independently significant (Table 6 ).
LONG-TERM OUTCOME AFTER SURGERY Post-operative surveillance concerned 414 patients (18 patients died after surgery, 14 were lost at follow-up and 5 were submitted to non-radical surgery); mean follow-up was 47 months and 58 months in Groups 1 and 2, respectively. OS was 94.1, 68.6 and 45.4% at 1, 3, 5 years with no difference between the two groups (Fig. 1) ; survival in the octogenarians was 83.7, 62.7 and 31.4%. In the old patients, the cancer-related survival (94.7, 71.5 and 42.0%) and the liver-related survival (92.8, 70.1 and 42.0%) were not different from the young patients too. Recurrence was the main reason of death (81.2%), while 14 patients died of liver failure and 17 patients of other causes. In Group 1, eight patients had worsened Child class, a digestive haemorrhage occurred in three patients; a worsening of quality-of-life with a clear limitation in daily activity was not reported. Liver recurrence occurred in 188 patients; DFS was 70.4, 37.1 and 28.5% in the elderly and 75.1, 41.9 and 27.8% in the young patients. Recurrence was early (,2 years) in 102 patients and late in 86 patients, without any difference in the two groups; in the old patients the annual rate of late recurrence was 19.4%. Prognostic factors were different for OS and DFS in the same group of patients and between the two groups. In the elderly, major resection, cancer size .5 cm and liver recurrence lowered OS while cancer size and vascular infiltration reduced DFS (Table 7) . At the multivariate analysis, major resection and recurrence for the OS and vascular infiltration for DFS remained as negative prognostic factors (Table 8) . A radical treatment of the recurrence was performed in 71/188 patients Figure 1 . Overall survival (OS) (Kaplan -Meier) after successful liver resection for hepatocellular carcinoma (HCC) according to the age of patients (dotted lines refer to elderly patients, solid line to the young patients). 
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HCC in the elderly (37.9%), including resection (33 patients) and percutaneous ablation (38 patients), with no mortality; mean survival (31 and 33 months in Groups 1 and 2) was better than after palliation, which was done generally with transarterial chemoembolization (TACE) (P , 0.01) ( Table 9) . Among the 73 patients actually surviving 5 years at least after primary surgery, only 26 patients (35.6%) have not been treated for a liver recurrence, the curative treatment of the recurrence being an adjunctive predictive factor for survival (P , 0.05).
THE'NATURAL HISTORY' OF ELDERLY PATIENTS WITH CLD
Ninety-two patients with chronic hepatitis (65 patients) and LC (27 patients) belonging to Group 3 were followed for 44 months on average, 16 patients being lost at long-term controls. Actuarial survival rate was 95.6, 93.2 and 90.2%, significantly better than the 101 patients in Group 1 with HCC and CLD (90.6%, 66.0 and 43.7%) (P , 0.001) (Table 10) . Sixteen patients died during observation; 9 patients of HCC, 3 patients of liver failure, 2 patients of a different cancer, 2 patients of a cardiovascular accident. Twenty-three patients Jpn J Clin Oncol 2011;41 (12) 1363 developed a HCC; the annual rate of occurrence (6.2%) was lower than the late recurrence in Group 1 (19.4%, P , 0.05) (Fig. 2) . Four patients were operated, and 12 patients treated with PEI or RFA. During observation, 16 patients required hospitalization for liver-related problems, 12 patients showed a worsening of liver function and 3 patients suffered a digestive haemorrhage. In 20 patients an antiviral therapy (lamivudine in 8, interferon in 12 patients) was initiated, but continued in 16 patients (Table 10) .
DISCUSSION
HCC is frequent in the elderly; many patients consult the physician when they are .70 years old. We adopted arbitrarily this age threshold to define our elderly group; this is the accepted limit in the majority of the studies (2 -4,6) and some surveys show that after 70 years there is a clear cut in the rate of radical treatment of HCC, often without any distinctive features relating to the patients and the cancer (8, 9) . The rate of resected elderly people increased with time, from 4.9% of the first '90 ties to more than 50% of the recent years, along with the improvement of peri-operative care technologies. In our daily practice, no patient is refused for surgery or directly addressed to palliative supportive care owing only to advanced age; the normal pre-operative work-up is applied, as well as the exclusion criteria. So doing, we selected a group of elderly with a low mortality rate (3.2%); death was due to liver failure although the majority suffered associated pathological conditions classed as ASA 3 in 74% of cases, a situation which is often considered a contraindication for surgery (14) . This result was obtained without enhancing Intensive Care staying, higher complications rate or extended hospitalization; in our experience, advanced age in itself was not an index of poor results, complications and high costs. This data do not reflect the unbalanced distribution in time of the patients because the mortality rate was the same in the different periods of our experience. A 'selection strategy' is important to reduce the risk. High values of AFP and transaminases, the presence of cirrhosis, a major liver resection, peri-operative haemotransfusions and poor grading were related to mortality; when .3 factors were present an exponential effect was noted. The majority of these factors are known before surgery, so identifying a high risk population who must be considered for a less invasive procedure. A major resection in the cirrhotic old patients, especially if haemotransfusion is necessary, leads to a high risk (3, 15, 16) ; therefore, any effort should be done towards a 'limited radical surgery', maintaining at the same time the rate of positive surgical margins as low as in our experience (1%).
Long-term survival in the elderly patients was 41% at 5 years, and 31.4% in the small subgroup of patients .80 years old. These data suggest that liver resection can modify the natural history of HCC also in the old and the very old patients, who died of cancer progression in .80% of cases in spite of several concomitant diseases (17) . The elderly must be considered for resection if a low surgical risk is expected; the same the stage, the same the OS of the young patients, as stated by others (2, 3, 6, 7, 17) . Only a Japanese survey noted a negative impact of old age, but the used cut off (60 years) does not reflect the distribution of surgical cases in Western countries (18) .
HCC is often considered less aggressive in the elderly (2, 5, 19) . In our experience, staging and biological data were comparable to the young patients and, on the contrary, a significant rate of patients had a large infiltrative cancer, diagnosed outside a screening program. The reason for this difference may be only speculative, as no evidence can be derived from a retrospective study, and may be related both to the age of the patients (elderly patients are usually not considered for routine examinations), and to the lower incidence of hepatitis B infection. The process of carcinogenesis in the elderly seems an important distinctive factor. The prevalent role of HCV in HCC-aged patients is uniformly reported (3, 8) ; also in nations with an endemic HBV infection, the relative role of HCV sharply increases with age (20) . The peak of incidence of HCV infection in Italy is observed in patients .60 years (21, 22 ) and HCC appears generally after .10 years of chronic infection (20) . The different aetiology could explain the different value of the prognostic factors relating to age (7); at the same time, the significantly higher incidence of hepatitis B in the young does not seem to influence the outcome, as well as the diameter, which is not significantly larger, as would be expected.
Among the old patients with CLD, survival is significantly lower after surgery for HCC than in the patients without HCC. Although HCC is the main cause of death in both groups, the relative risk is higher in patients who were operated on before. This is related both to the appearance of liver metastases, generally in the first months after surgery (13, 23) , and to a higher risk of multicentric delayed 
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HCC in the elderly carcinogenesis, as suggested by a 3-fold annual rate of late recurrence compared with the rate of cancer in a cirrhotic old population under surveillance. When CLD is first observed in the elderly, the prognosis is good also without therapy, above all for patients with chronic hepatitis. Cancer recurrence after surgery appeared in 45.4% of patients; a radical treatment prolongs survival to offer the patient the same chance of cure as the patients in who m it never recurred (13) . This attitude is valid for the elderly too. Thanks to a good compliance to follow-up, small HCC can be found and a curative procedure, including surgery can be done with a low risk (2) . Post-operative surveillance must to be focused on the quality-of-life too. In our experience, a significant change in daily activities was not reported. A prolonged hospitalization was recorded in 14.7% of the patients and liver failure in ,10% but these adverse evolutions seem to be related to the liver disease more than to surgery itself, being observed in the medical patients too.
In conclusion, the early and the late results support the value of liver resection for the treatment of HCC in the elderly. These patients deserve the same approach adopted in the young; surgery must be considered in the therapeutic decision together with PEI or RFA, according to the common indications. Our report underlines the value of screening program in the elderly with the aim to reduce the need of a major resection, which is linked to early and late mortality. After surgery, a correct follow-up is apt to discover a potentially curable recurrence; in these cases surgery may be considered in the elderly too.
